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Claim 

Method for embossing a leather-like sheet, characterized in that in imparting a 
leather-like embossing on the surface of a leather-like sheet having a surface comprising very 
fine fibers of 0.1 or less and/or polymeric elastomer, a support having an embossed pattern is put 
in contact with the above surface layer and ultrasonic wave application is carried out under 
pressure fi'om the back of the support. 

Detailed explanation of the invention 

The conventional methods for imparting an embossed pattern on a leather-like sheet can 
be categorized largely into two methods. In one method, a support having a release surface is 
given a relief that is in a pattern opposite to the desired embossed pattern, then a polymeric 
elastomer layer is formed on the support, followed by, with or without adhesion of the polymeric 
elastomer layer to an appropriate substrate, peeling the layer firom the support; the so-called 
transfer method. In the other method, a die or roll having an embossed pattern is pressed against 
the surface of the leather-like sheet; the so-called embossing method. 

However, such methods have the following problems. Namely, in the transfer method, 
the desired embossed pattern is transferred onto a support and then transferred to a polymeric 
elastomer, which is cumbersome and obtaining a 100% perfect transfer is practically impossible, 
thus the sharpness of the initial embossed pattern cannot be obtained. Also, in this method, 
because the embossed pattern is obtained by forming a polymeric elastomer layer on an 
embossed pattem, requiring a polymeric elastomer layer, this layer should have a thickness 
greater than the relief Thus, the resulting leather-like sheet will have a feel governed by the 
polymeric elastomer layer, and obtaining a good leather-like sheet product is very difficult. To 
avoid such problems in the transfer method, the latter embossing method is currently used on 
high grade artificial leather. In this method, by using an embossing roll having an embossed 
pattem, the embossed pattem is directly imparted to the surface of the leather-like sheet, thus 
eliminating the problems of the transfer method. However, the principle of imparting an 
embossed pattem is based on the plasticization of the leather-like sheet surface, thus it is 
necessary to raise the temperature above the softening point of the material forming the surface. 
Thus, the embossing roll itself is heated and if needed the leather-like sheet itself is also heated, 
and the pattem is embossed by pressure in general. Thus, in this method, the leather-hke sheet 
material cannot avoid modification, degradation, and hardening of the feel by the heat and 
pressure. This tendency is especially strong when the leather-like sheets are made of very fine 
fibers and have a microporous structure resulting fi'om wet coagulation of polyurethanes, and the 
advantages of very fine fibers and a microporous stmcture can be mined. Also, since the 
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leather-like sheets must be peeled from the embossing roll in a plasticized state that allows 
imparting the embossed pattern, the embossed pattem sharpness is not sufficient. 

The present invention is achieved as a result of our intense investigation of ways to 
obtain leather-like sheet materials having a sharp embossed pattem and good feel and properties, 
keeping the drawbacks of the conventional technology in mind. Namely, the present invention 
concerns: 

(1) A method for embossing a leather-like sheet, characterized in that in imparting a 
leather-like embossing on the surface of a leather-like sheet having a surface comprising very 
fine fibers of 0. 1 or less and/or polymeric elastomer, a support having an embossed pattem is put 
in contact with the above surface layer and ultrasonic wave application is carried out under 
pressure from the back of the support. 

The principle of the present invention will be explained next. The principle of heating 
utilizing ultrasonic waves involves heating only the area subjected to fiiction by ultrasonic 
vibration. In embossing a pattem on the leather-like sheet material with an embossing roll, etc., 
at the embossed part of the pattem engraved on the embossing roll, etc., particularly the surface 
of the leather-like sheet material is more strongly compressed than other areas. With the 
combination of these two, the surface of the leather-like sheet material in contact with the 
embossed part of the embossing roll is especially strongly compressed, and this part is subjected 
to the most friction and is heated most, resulting in embossing the leather-like sheet materials. 

With such utilization of ultrasonic waves in embossing leather-like sheet materials, the 
heat generated by the sheet material itself is used, thus there is no need to heat the entire sheet 
with an external source, and also the self-generated heat is always local and easily diffused and 
dissipated. As a result, for the first time, it is possible to impart embossed patterns without 
modification, degradation, hardening of feel, etc., due to heat. Moreover, since the sheet material 
at the time of peeling the leather-like sheet material from the support such as the embossing roll 
is already at a temperature below the plasticization temperature, the embossed patterns are 
obtained with good sharpness. 

There have been proposals for methods utilizing high frequency waves, but in this 
method, the heat is generated by molecular motion of the material interior, and heating by an 
external source is not needed. In this point, the method is similar to ultrasound, but the heating 
mechanism is entirely different. Also in the case of high frequency heating, the area subjected to 
the high frequency waves is evenly heated as in the case of heating by an external source, 
indicating that the effects of the present invention cannot be obtained with the utilization of high 
frequency waves. Since a strong electric field is used with high frequency waves, the danger 
level is high, thus this method has not been used on an industrial scale. 
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The leather-like sheet materials having the surface area described in the present invention 
are obtained as fiber sheets from very fine fibers 0.1 d or below or by impregnating and/or 
coating the sheet with a polymeric elastomer solution or dispersion. Such very fine fibers O.l d or 
below can be obtained from sea-island composite fibers or mixed spun fibers by removing the 
sea component and by splitting splittable composite fibers. Such fibers are usually made into 
sheets by needle punching. For obtaining good leather-like sheet materials, fineiibers 0.1 d or 
below are needed. Sheet materials formed from fibers above 0.1 would have inferior feel, poor 
surface smoothness and increased rigidity making embossing by ultrasonic wave treatment 
difficult. The polymeric elastomers used for impregnation and/or coating may be polyamides, 
polyesters, polyvinyl chloride, polyurethanes, etc. In terms of properties, feel, etc., polyurethane 
resins are preferred for the leather-like sheet materials. In the present invention, a highly porous 
structure obtained by wet coagulation of polyurethane resins in water using a polyurethane resin 
solution in a water-miscible solvent is especially preferred. Even in conventional methods, a 
highly favorable structure is favorably used for increased moisture absorption, moisture 
permeation, etc., and improved feel of the leather-like sheet materials. However, as described 
above, if embossing is done with heating by an external heat source, compaction of the porous 
structure results, and the fine pores on the surface that receives the embossed pattem collapse, 
thus the advantages of the highly porous structure will not be fully realized. However, according 
to the method of the present invention, heating the entire sheet material to be embossed is not 
needed; only the area to be embossed is heated by the heat generated by surface friction; thus 
such problems are not present. 

The leather-like sheet material may be used as is or after its surface is raised by buffing, 
with or without application of a color layer, finish layer, etc., or dyeing followed by embossing. 
Of course, if possible, such processes can be carried out after embossing, while appUcation of the 
present invention to the leather-like sheets after dyeing would give preferred results. In the 
conventional method of embossing with heating by an extemal source, as described above, the 
feel hardens during embossing. Thus, while dyeing after pre-embossing, feel softening is 
attempted by rubbing. Such rubbing while dyeing definitely results in the softening of the feel, 
while the embossing sharpness is greatly reduced and the surface smoothness becomes poorer. 
For such reasons, with the feel somewhat sacrificed, embossing after dyeing can be considered, 
but the very fine fibers 0. 1 d or below are very sensitive to heat, and colorfastness may decrease, 
thus embossing is practically impossible. However, in the method of the present invention, with 
the mechanism of heat generation described above, it is possible to emboss pattems without loss 
of colorfastness or feel hardening. 



Embossing such leather-like sheet materials can be achieved by contacting the surface of 
the sheet material with a support having a pattern opposite to the desired pattem along with 
ultrasonic wave application under pressure from the back side, 

A conventional embossing roll, die, etc, can be used as the support having a pattem 
opposite to the desired embossed pattem. While it is not necessary to heat this support, heating 
may be done in a range at which problems are not caused by the leather-like sheet material 
constitution, surrounding temperature, etc. The pressure, treatment time, ultrasonic wave energy, 
etc. during embossing are interrelated and should be adjusted according to the leather-like sheet 
material constitution, surrounding temperature, etc., of these [values] are usually pressure: 
1.0-6.0 kg/cm^; treatment time: 0.1-3.0 sec; peak to peak strength 20-100 nm. In general, 
polymeric elastomers absorb ultrasonic energy more easily than fiber materials; thus friction heat 
is not generated. Thus, in the case of a high proportion of polymeric elastomer compared with 
the very fine fibers in the surface or in the case of the surface comprising only polymeric 
elastomers, the conditions must be severe, namely, high pressure, long treatment time and strong 
ultrasonic energy are necessary. However, in this case, there is a danger of the fine fibers in the 
inner layer part fiising together; thus it is necessary to raise the proportion of the polymeric 
elastomers in the inner layer. On the other hand, when the proportion of the fine fibers is higher 
than that of the polymeric elastomer, the opposite results are obtained. From these results, in 
applying the present invention, on the surface, the fine fiber content should be raised with high 
density, and in the inner part, the polymeric elastomer content is made higher than on the 
surface, to obtain greatly preferred results. 

Next, the present invention is explained in detail with examples. 

Unless stated otherwise, in the examples, parts are by weight. 

Application Example 1 

A mixed fiber spun from polystyrene and nylon to form very fine nylon fibers of average 
fineness 0.003 d was needle-punched to a nonwoven fabric of density 0.21 g/cm^ and a basis 
weight of 380 g/m^, then immersed in hot water at 98°C with 25% area reduction, and 22 parts of 
polyvinyl alcohol (hereafter referred to as PVA) were applied to the nylon fiber of the nonwoven 
fabric. The nonwoven fabric was impregnated with a solution of 13 parts of an ester 
polyurethane in dimethylformamide (hereafter referred to as DMF), mangled to remove the 
excess, immersed in water for coagulation of the polyurethane in the nonwoven fabric. After 
removal of the solvent and PVA, the polyurethane content was 25 parts on the very fine nylon 
fiber. The polyurethane-impregnated nonwoven fabric was immersed in Triclene for removal of 
the sea component. The nonwoven fabric was sliced in the middle in the thickness direction. The 
side opposite the cut face was buffed with a roller sander and dyed with an acid dye. The raised 
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side formed by the buffing was coated using a 180-mesh gravure roll with an ethyl 
acetate-toluene solution of 8% of an ester polyurethane, then dried for removal of the solvent to 
coagulate the polyurethane. This side was then put in contact with the embossing roll having a 
leather-like embossing pattern, and from the opposite side, an ultrasonic hom was pressed under 
a pressure of 3.5 kg/cm^ with generation of ultrasonic waves of frequency 19 kHz and peak to 
peak strength 50 |4.m. The embossed pattern obtained was very sharp. For comparison, 
embossing was carried out using the same leather-like sheet and the same embossing roll and 
heating the embossing roll without ultrasound. In this case, for obtaining the embossed pattern 
with a similar level of sharpness, the embossing roll had to be heated at 185°C. Comparison of 
properties of the leather-like sheets obtained is given in the table below. 
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5. 1, 1 


5. 4. 4 



1) without embossing with ultrasound or heat 

2) JIS L-1079 cantilever method 

3) JIS L-0844 washfastness with values for fading, soiling, color loss in that order 

Key: 1 Invention 

2 Comparison 

3 Untreated 

4 Colorfastness (grade) 

As shown in the table above, embossing with conventional heating was accompanied by 
hardening of the feel and lowering of colorfastness, while such changes were not observed with 
utilization of ultrasonic waves. 

Application Example 2 

Sea-island type composite fibers of polystyrene sea component and polyester island 
component for 0.1 d fiber was needle-punched to obtain a nonwoven fabric of density 
0.21 g/cm and basis weight 470 g/m , which was immersed in hot water containing 13 parts 
PVA at 96°C, resulting in 35% area reduction and appHcation of 25 parts of PVA to the island 
component. The nonwoven fabric was immersed in Triclene to remove the sea component, 
immersed in the same polyurethane solution in DMF used in Application Example 1, mangled to 
remove the excess, coated with the same DMF solution containing 18 parts of polyurethane by 
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using a doctor knife, and wet-coagulated similarly as in Application Example 1 . After removal of 
the solvent and PVA, the nonwoven fabric was sliced in the middle in thickness direction and 
dyed with a disperse dye. The side opposite the cut face, namely, the polyurethane layer of the 
face having a porous polyurethane layer, was coated using a 120-mesh gravure roll with an ethyl 
acetate-toluene solution of 10 parts of an ester polyurethane and treated similarly as in 
Application Example 1, The embossing conditions were pressure 4.3 kg/cm , frequency 19 kHz, 
strength 80 |im, and embossing roll surface temperature 50°C. 

In the comparison treatment, the embossing roll had to be heated to 175°C. Properties of 
the leather-like sheet materials are shown in the table below: 



Table 
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1) No embossing by ultrasound or heat 

2) , 3) Same as in Application Example 1 

4) Observed by scanning electron microscope 



Key: 1 Invention 

2 Comparison 

3 Untreated 

4 Feel 

5 Colorfastness 

6 Structure of the polyurethane layer in the surface 

7 Large number of fine pores present, the same as the untreated sample 

8 No presence of fine pores at all 

9 Large number of fine pores present 



As shown in the table above, in embossing by conventional heating, as shown in 
Application Example 1, hardening of the feel and lowering of colorfastness are severe and also 



the highly porous structure formed by wet coagulation of polyurethane in the surface is 
destroyed. On the other hand, with utiHzation of ultrasonic waves, embossing can be attained 
without such structural changes. 
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